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(54) ELECTROCHEMICAL MEASURING APPARATUS 

(57)Abstract 

PROBLEM TO BE SOLVED: To quickly measure a 
plurality of samples electrochemically, by forming a 
plurality of holes on a substrate and setting an acting 
electrode and a counterpart elecE roae at an inner fac e 
of each hole. 

SOLUTION: For instance, eight hemispherical holes 12 
are formed on a surface of a substrate 1 1. A circular 
acting electrode 13 of gold, platinum, carbon or the like 
and a band-shaped opposite electrode 14 are set at an 
inner face of each hole 1 2. Lead wires from the 
electrodes are collected at one point. A measuring 
solution is introduced into the eight holes 12, whereby 
eight samples can be measured, electrochemicallv at the 
same time with the use of the eight acting-electrodes J 3 
and opposite electrodes 14. When a circular reference 
electrode 1 2 of silver or silver chloride is set, an 
electrochemical reaction on the surface between the 
acting electrode 13 and opposite electrode 14 can be 
analyzed individually, A transparent substrate of plastic, 
glass, quartz or the like is used as the substrate 11, and the acting electrode 13 and opposit 
electrode 14 are formed of a transparent material such as indium oxide, tin (IV) oxide, etc. If 
light is brought into the hole 12, spectrophotometry for the solution is enabled simultaneously 
with the electrochemical measurement. 
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* NOTICES * 

Japan Patent Offic is not responsible f r any 
damages caused by the use of this trans I at i n. 

1 . This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The electrochemistry measuring device characterized by having two or more holes on 
a substrate, and having a working electrode and a counter electrode in the inside of each of that 
hole. 

[Claim 2] The electrochemistry measuring device according to claim 1 which has an insulator 
layer on substrate front faces other than the aforementioned working electrode and a counter 
electrode. 

[Claim 3] the aforementioned working electrode and a counter electrode — a line — the 
electrochemistry measuring device according to claim 1 whose aforementioned substrate it is an 
electrode and is a transparent substrate 

[Claim 4] The electrochemistry measuring device according to claim 1 whose aforementioned 
substrate the aforementioned working electrode and a counter electrode are transparent 
electrodes, and is a transparent substrate. 

[Claim 5] The electrochemistry measuring device according to claim 1 whose aforementioned 
working electrode is a semiconductor electrode. 

[Claim 6] The electrochemistry measuring device characterized by having two or more holes on 
a substrate, and having a working electrode, a counter electrode, and a reference electrode in 
the inside of each of that hole. 

[Claim 7] The electrochemistry measuring device according to claim 6 which has an insulator 
layer on substrate front faces other than the aforementioned working electrode, a counter 
electrode, and a reference electrode. 

[Claim 8] the aforementioned working electrode, a counter electrode, and a reference electrode 
— a line — the electrochemistry measuring device according to claim 6 whose aforementioned 
substrate it is an electrode and is a transparent substrate 

[Claim 9] the aforementioned working electrode and a counter electrode — a transparent 
electrode — it is — the aforementioned reference electrode — a line — the electrochemistry 
measuring device according to claim 6 whose aforementioned substrate it is an electrode and is 
a transparent substrate 

[Claim 10] The electrochemistry measuring device according to claim 6 whose aforementioned 
working electrode is a semiconductor electrode. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] Many especially this inventions relate to the 
sinnultaneous metering device of a sample about an electrochemistry measuring device. 
[0002] 

[Description of the Prior Art] The conventional electrochemistry measuring device will be 
explained below with reference to an electrochemistry measuring method in 1984. The 1st 
equipment of an electrochemistry measuring device is 1 liquid system measuring device. As 
shown in drawing 7 , three kinds of electrodes, a working electrode 11, a counter electrode 14, 
and a reference electrode 21, are inserted into one solution, and are measured. A working 
electrode 11 is an electrode for observing the target electrochemical reaction, and platinum, 
gold, carbon, mercury, etc. are well used as an electrode material. Noble metals and nickel, such 
as palladium, an osmium, and iridium, iron, lead, zinc, copper, etc. work as a working electrode 11. 
Furthermore, semiconductors, such as a transparent electrode which deposited indium oxide and 
the tin oxide on the glass plate or silicon, a cadmium sulfide, and titanium oxide, are also used as 
a working electrode 11. A counter electrode 14 is an electrode which performs reverse reaction 
for advancing smoothly the electronic transfer reaction on a working electrode 11, and, generally 
platinum and carbon are used. A pillar, a board, a line, the foil, the disk of a configuration or a 
size, etc. are [ a working electrode 11 and a counter electrode 14 ] various. A reference 
electrode 21 offers the criteria of the potential set as a working electrode 11, and a hydrogen 
electrode, a saturated calomel electrode, and a silver-silver chloride electrode are often used. 
Potential is impressed to a working electrode 1 1 to reference-electrode potential, and 
electrochemistry measurement of a current potential curve etc. is performed. 
[0003] The 2nd equipment of an electrochemistry measuring device is 2 liquid system measuring 
device. As shown in drawin g 8 , between a working electrode 1 1, a reference electrode 21, and 
counter electrodes 14 is isolated by the diaphragms 81, such as ion exchange membrane and a 
glass filter. It is equipment effective in preventing mixture of the electrochemical reaction 
product on a working electrode 1 1 and a counter electrode 14. 

[0004] The 3rd equipment of an electrochemistry measuring device is a polarograph. As shown in 
drawing 9 , a dropping mercury electrode 91 is used as a working electrode. While mercury is 
dropped, in order to perform an electric sweep, an always pure electrode front face is supplied. 
Furthermore, since mercury has the big hydrogen overvoltage, it can acquire the 
electrochemistry reduction property of the chemical which is hard to return in other metal 
electrodes, A polarograph is a leading measuring device for trace element analysis, the analysis 
of an electrode reduction reaction mechanism, etc. 

[0005] The 4th equipment of an electrochemistry measuring device is a rotation disk electrode 
measuring device. As shown in drawing 10 , the rotation disk electrodes 101, such as platinum, 
gold, and carbon, are used as a working electrode. If the disk electrode 101 is rotated in a 
solution so that there may be no eccentricity, the solution style of a laminar-flow state will arise 
on disk electrode 101 front face. The matter transportation by the convection current on the 
front face of an electrode is controllable by the rotational frequency of the disk electrode 101. 
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By measuring a current potential curve using the rotation disk electrode 101, the strict analysis 
of electrochemical reaction mechanisms, such as an electrode reaction electron number and a 
diffusion coefficient of a chemical, is possible. 

[0006] The 5th equipment of an electrochemistry measuring device is a semiconductoi^ 
electrode measuring device. As shown in drawing 1 1 , the semiconductor electrodes 111, such as 
silicon, a gallium arsenide, indium phosphorus, gallium phosphorus, a cadmium sulfide, titanium 
oxide, a zinc oxide, and silicon carbide, are used as a working electrode. A photocurrent will be 
acquired if voltage is impressed carrying out optical irradiation from the irradiation aperture 112 
on semiconductor-electrode 1 1 1 front face in an electrolyte. A semiconductor-electrode 
measuring device transforms ailij|lt energy into electrochemistry energy. 
[0007] Moreover, the reliable electrochemistry element of gas detection arrange two or more 
detected gas electrodes in the base which consists of the quality of a solid-state macromolecule 
electrolyte, gas bends the inside of a detected gas manifold, and it was made to flow is indicated 
by JP,3-262954,A. 
[0008] 

[Problem(s) to be Solved by the Invention] In the conventional electrochemistry measuring 
device, in order to measure two or more samples, two or more electrochemistry measuring 
devices must be prepared and measured simultaneously, or samples must be exchanged by one 
electrochemistry measuring device, and measurement must be repeated many times. There is a 
trouble that costs and a place are needed for two or more electrochemistry measuring devices, 
and time is needed for measurement many times. 

[0009] this invention solves the above-mentioned trouble and aims at offering the equipment for 

performing electrochemistry measurement of two or more samples quickly. 

[0010] 

[Means for Solving the Problem] The aforementioned purpose is attained by the following 
meanses. 

[0011] namely, proposing the electrochemistry measuring device characterized by for this 
invention to have two or more holes on a base, and to have a working electrode and a counter 
electrode in the inside of each of that hole, and having an insulator layer on substrate front 
faces other than the aforementioned working electrode and a counter electrode, the 
aforementioned working electrode, and a counter electrode — a line — that it is an electrode 
and the aforementioned substrate is a transparent substrate, the aforementioned working 
electrode, and a counter electrode are transparent electrodes, and it includes that the 
aforementioned substrate is a transparent substrate and that the 

[0012] this invention has two or more hole s on a substra te.^to--theJ nside of each o f that hoi 
Moreover, a working electrode. The electrochemistry measuring deyige^cha racterized by fiiving^a 
counter electrode and a reference electrode is proposed, and it has an insulator layer on ""^ 
substrate front faces other than the aforementioned working electrode, a counter electrode, and 
a reference electrode, the aforementioned working electrode, a counter electrode, and a 
reference electrode — a line — that it is an electrode and the aforementioned substrate is a 
transparent substrate, the aforementioned working electrode, and a counter electrode — a 
transparent electrode — it is — the aforementioned reference electrode — a line — it includes 
that it is an electrode and the aforementioned substrate is a transparent substrate and that the 
aforementioned working electrode is a semiconductor electrode 
[0013] 

[Embodiments of the Invention] The gestalt of operation of this invention is explained with 
reference to a drawing. 

[0014] Drawin g 1 is the plan of the electrochemistry measuring device by this invention. 
[0015] Two or more holes 12 are formed on substrate 11 front face, and the working electrode 
13 and the counter electrodFT4 are formed in each hole 12 inside. A measurement solution is 
poured in into each hole 12, and a working electrode 13 and a count r electrode 14 perform 
electrochemistry measurement of two or more samples simultaneously. 
[0016] 

[Example] The example of this invention is explained with reference to a drawing. 
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With reference to [1st example] drawin g 1 . the 1st example of the electrochemistry measuring 
device of this invention is explained. 

[0017] On the substrate 11 front face, the hole 12 of the shape of eight semi-sphere is formed. 
Each hole 12 has the circular working electrode 13 and the band-like counter electrodes 14, 
such as gold, platinum, and carbon, in the inside. The lead wire from eight working electrodes 13 
and counter electrodes 14 is brought together in one place. A measurement solution can be 
introduced into eight holes 12, and electrochemistry measurement of eight samples can be 
simultaneously performed using eight working electrodes 13 and counter electrodes 14. 
With reference to [2nd example] drawin g 2 , the 2nd example of the electrochemistry measuring 
device of this invention is explained. 

[0018] On the substrate 1 1 front face, the hole 12 of the shape of eight semi-sphere is formed 
like the 1st example. Each hole 12 has the band-like working electrodes 13, such as gold, 
platinum, and carbon, the counter electrode 14, and the circular reference electrode 21 of silver 
salt-ized silver in the inside. The lead wire from eight working electrodes 13, a counter electrode 
14, and a reference electrode 21 is brought together in one place. A measurement solution can 
be introduced into eight holes 12, and electrochemistry measurement of eight samples can be 
simultaneously performed using eight working electrodes 13, a counter electrode 14, and a 
reference electrode 21. Furthermore, since it has the reference electrode 21, the 
electrochemical reaction on a working electrode 13 and counter electrode 14 front face is 
individually analyzable. 

With reference to [3rd example] drawing 3 , the 3rd example of the electrochemistry measuring 
device of this invention is explained. 

[0019] On the substrate 11 front face, the hole 12 of the shape of eight semi-sphere is formed 
like the 2nd example. Each hole 12 has the band-like working electrodes 13, such as gold, 
platinum, and carbon, the counter electrode 14, and the circular reference electrode 21 of silver 
salt-ized silver in the inside. Furthermore, the insulator layers 31, such as a silicon nitride and 
tantalum oxide, are formed in substrate front faces other than working-electrode 13, counter 
electrode 14, and reference-electrode 21. By this insulator layer 31, the electrode area of a 
working electrode 13, a counter electrode 14, and a reference electrode 21 is specified, and 
stricter electrochemistry measurement can be performed. 

With reference to [4th example] drawing 4 , the 4th example of the electrochemistry measuring 
device of this invention is explained. 

[0020] Transparent substrates, such as plastics, glass, and a quartz, are used as a substrate 11. 
On the substrate 11 front face, the hole 12 of the shape of eight semi-sphere is formed, each 
hole 12 — the inside — lines, such as gold, platinum, and carbon, — the line of a working 
electrode 13, a counter electrode 14, and silver salt-ized silver — it has the reference electrode 
21 The lead wire from eight working electrodes 13, a counter electrode 14, and a reference 
electrode 21 is brought together in one place. A measurement solution can be introduced into 
eight holes 12, and electrochemistry measurement of eight samples can be simultaneously 
performed using eight working electrodes 13, a counter electrode 14, and a reference electrode 
21. furthermore, a transparent substrate and a line — since the electrode is used, while 
performing electrochemistry measurement of a solution by introducing light into a hole 12 — a 
spectrum — measurement can also be performed simultaneously 

With reference to [5th example] drawing 5 , the 5th example of the electrochemistry measuring 
device of this invention is explained. 

[0021] Transparent substrates, such as plastics, glass, and a quartz, are used as a substrate 1 1 
like the 4th example. On the substrate 1 1 front face, the hole 12 of the shape of eight semi- 
sphere is formed, each hole 12 — the inside — the line of transparence, such as indium oxid 
and tin oxide, the band-like working electrode 13, a counter electrode 14, and silver salt-ized 
silver — it has the reference electrod 21 the 4th exampl — the same — a transparent 
substrate, a transparent electrode, and a line — since the electrode is used, while performing 
electrochemistry measurement of a solution by introducing light in a hole 12 — a spectrum — 
measurement can also be p rformed simultaneously 

With reference to [6th example] drawing 6 , the 6th example of the electrochemistry measuring 
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device of this invention is explained. 

[0022] On the substrate 1 1 front face, the hole 1 2 of the shape of eight semi-sphere is formed 
like the 1st example. Each hole 12 has the band electrodes 14, such as semiconductors, such as 
silicon, a cadmium sulfide, and titanium oxide, the band-like working electrode 13, gold, platinum, 
and carbon, and the circular reference electrode 21 of silver salt-ized silver in the inside. 
Photoelectrical evaporation study measurement of eight samples can be simultaneously 
performed by introducing a measurement solution into eight holes 12, and irradiating light using 
eight working electrodes 13, a counter electrode 14, and a reference electrode 21. 
[0023] As mentioned above, as shown in the 1st - the 6th example, two or more holes 12 are 
formed on substrate 1 1 front face, and a working electrode 13, a counter electrode 14, or a 
reference electrode 21 is produced to hole 12 inside. By introducing a measurement solution into 
each hole 12, electrochemistry measurement of two or more samples can be performed quickly. 
[0024] There is no limit in the material of a substrate 11, a working electrode 13, a counter 
electrode 14, a reference electrode 21, and an insulator layer 31. Moreover, there is no rule also 
in the number and configuration of a hole 12, a working electrode 13, a counter electrode 14, and 
a reference electrode 21. 
[0025] 

[Effect of the Invention] the hole of plurality [ measuring device / electrochemistry / according 
to this invention as explained above / top / substrate ] — having — each of that hole inside — 
a working electrode, a counter electrode or a working electrode, and a counter electrode — and 
reference-electrode possession is caTried-out— Therefore, .accord^ this invention, two or 
more measurement solutions are poured in into two or more holes, and quick electrochemistry 
measurement of two or more samples is attained by two or more electrodes. 
[0026] furthermore, a transparent substrate — using — as a working electrode and a counter 
electrode — a line — if an electrode or a transparent electrode is used — quick 
electrochemistry measurement and the spectrum of two or more samples — it is simultaneously 
measurable Moreover, if a semiconductor electrode is used as a working electrode, quick 
photoelectrical evaporation study measurement of two or more samples can be performed. 
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TECHNICAL FIELD 

[The technical field to which invention belongs] Many especially this inventions relate to the 
simultaneous metering device of a sample about an electrochemistry measuring device. 
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PRIOR ART 



[Description of the Prior Art] The conventional electrochemistry measuring device will be 
explained below with reference to an electrochemistry measuring method in 1984. The 1st 
equipment of an electrochemistry measuring device is 1 liquid system measuring device. As 
shown in drawing 7 , three kinds of electrodes, a working electrode 11, a counter electrode 14, 
and a reference electrode 21, are inserted into one solution, and are measured. A working 
electrode 11 is an electrode for observing the target electrochemical reaction, and platinum, 
gold, carbon, mercury, etc. are well used as an electrode material. Noble metals and nickel, such 
as palladium, an osmium, and iridium, iron, lead, zinc, copper, etc. work as a working electrode 11. 
Furthermore, semiconductors, such as a transparent electrode which deposited indium oxide and 
the tin oxide on the glass plate or silicon, a cadmium sulfide, and titanium oxide, are also used as 
a working electrode 1 1. A counter electrode 14 is an electrode which performs reverse reaction 
for advancing smoothly the electronic transfer reaction on a working electrode 11, and, generally 
platinum and carbon are used. A pillar, a board, a line, the foil, the disk of a configuration or a 
size, etc. are [ a working electrode 11 and a counter electrode 14 ] various. A reference 
electrode 21 offers the criteria of the potential set as a working electrode 11, and a hydrogen 
electrode, a saturated calomel electrode, and a silver-silver chloride electrode are often used. 
Potential is impressed to a working electrode 1 1 to reference-electrode potential, and 
electrochemistry measurement of a current potential curve etc. is performed. 
[0003] The 2nd equipment of an electrochemistry measuring device is 2 liquid system measuring 
device. As shown in drawing 8 , between a working electrode 1 1, a reference electrode 21, and 
counter electrodes 14 is isolated by the diaphragms 81, such as ion exchange membrane and a 
glass filter. It is equipment effective in preventing mixture of the electrochemical reaction 
product on a working electrode 1 1 and a counter electrode 14. 

[0004] The 3rd equipment of an electrochemistry measuring device is a polarograph. As shown in 
drawing 9 , a dropping mercury electrode 91 is used as a working electrode. While mercury is 
dropped, in order to perform an electric sweep, an always pure electrode front face is supplied. 
Furthermore, since mercury has the big hydrogen overvoltage, it can acquire the 
electrochemistry reduction property of the chemical which is hard to return in other metal 
electrodes. A polarograph is a leading measuring device for trace element analysis, the analysis 
of an electrode reduction reaction mechanism, etc. 

[0005] The 4th equipment of an electrochemistry measuring device is a rotation disk electrode 
measuring device. As shown in drawing 10 , the rotation disk electrodes 101, such as platinum, 
gold, and carbon, are used as a working electrode. If the disk electrode 101 is rotated in a 
solution so that there may be no eccentricity, the solution style of a laminar-flow state will arise 
on disk electrode 101 front face. The matter transportation by the convection current on the 
front face of an electrode is controllable by the rotational frequency of the disk electrode 101. 
By measuring a current potential curve using the rotation disk electrode 101. the strict analysis 
of electrochemical reaction mechanisms, such as an electrode reaction electron number and a 
diffusion coefficient of a chemical, is possible. 

[0006] The 5th equipment of an electrochemistry measuring device is a semiconductor^ 
electrode measuring device. As shown in drawing 1 1 , the semiconductor electrodes 111. such as 
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silicon, a gallium arsenide, indium phosphorus, gallium phosphorus, a cadmium sulfide, titanium 
oxide, a zinc oxide, and silicon carbide, are used as a working electrode. A photocurrent will be 
acquired if voltage is impressed carrying out optical irradiation from the irradiation aperture 112 
on semiconductor-electrode 1 1 1 front face in an electrolyte. A semiconductor-electrode 
measuring device transforms a light energy into electrochemistry energy. 
[0007] Moreover, the reliable electrochemistry element of gas detection arrange two or more 
detected gas electrodes in the base which consists of the quality of a solid-state macromolecule 
electrolyte, gas bends the inside of a detected gas manifold, and it was made to.fiow is indicated 
by JP,3-262954,A. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] the hole of plurality [ measuring device / electrochemistry / according 
to this invention as explained above / top / substrate ] — having — each of that hole inside — 
a working electrode, a counter electrode or a working electrode, and a counter electrode — and 
reference-electrode possession is carried out Therefore, according to this invention, two or 
more measurement solutions are poured in into two or more holes, and quick electrochemistry 
measurement of two or more samples is attained by two or more electrodes. 
[0026] furthermore, a transparent substrate — using — as a working electrode and a counter 
electrode — a line — if an electrode or a transparent electrode is used — quick 
electrochemistry measurement and the spectrum of two or more samples — it is simultaneously 
measurable Moreover, if a semiconductor electrode is used as a working electrode, quick 
photoelectrical evaporation study measurement of two or more samples can be performed. 
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TECHNICAL PROBLEM 



[Problenn(s) to be Solved by the Invention] In the conventional electrochennistry measuring 
device, in order to measure two or more samples, two or more electrochemistry measuring 
devices must be prepared and measured simultaneously, or samples must be exchanged by one 
electrochemistry measuring device, and measurement must be repeated many times. There is a 
trouble that costs and a place are needed for two or more electrochemistry measuring devices, 
and time is needed for measurement many times. 

[0009] this invention solves the above-mentioned trouble and aims at offering the equipment for 
performing electrochemistry measurement of two or more samples quickly. 
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[Means for Solving the Problem] The aforementioned purpose is attained by the following 
meanses. 

[0011] namely, proposing the electrochemistry measuring device characterized by for this 
invention to have two or more holes on a base, and to have a working electrode and a counter 
electrode in the inside of each of that hole, and having an insulator layer on substrate front 
faces other than the aforementioned working electrode and a counter electrode, the 
aforementioned working electrode, and a counter electrode — a line — that it is an electrode 
and the aforementioned substrate is a transparent substrate, the aforementioned working 
electrode, and a counter electrode are transparent electrodes, and it includes that the 
aforementioned substrate is a transparent substrate and that the 

[0012] this invention has two or more holes on a substrate, to the inside of each of that hole 
Moreover, a working electrode, The electrochemistry measuring device characterized by having a 
counter electrode and a reference electrode is proposed, and it has an insulator layer on 
substrate front faces other than the aforementioned working electrode, a counter electrode, and 
a reference electrode, the aforementioned working electrode, a counter electrode, and a 
reference electrode — a line — that it is an electrode and the aforementioned substrate is a 
transparent substrate, the aforementioned working electrode, and a counter electrode — a 
transparent electrode — it is — the aforementioned reference electrode — a line — it includes 
that it is an electrode and the aforementioned substrate is a transparent substrate and that th 
aforementioned working electrode is a semiconductor electrode 
[0013] 

[Embodiments of the Invention] The gestalt of operation of this invention is explained with 
reference to a drawing. 

[0014] Drawin g 1 is the plan of the electrochemistry measuring device by this invention. 
[0015] Two or more holes 12 are formed on substrate 11 front face, and the working electrode 
13 and the counter electrode 14 are formed in each hole 12 inside. A measurement solution is 
poured in into each hole 12, and a working electrode 13 and a counter electrode 14 perform 
electrochemistry measurement of two or more samples simultaneously. 
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EXAMPLE 

[Example] The example of this invention is explained with reference to a drawing. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawin g 1] It is the plan of the 1st exannple of the electrochennistry nneasuring device by this 
invention. 

[Drawing 2] It is the plan of the 2nd example of the electrochemistry measuring device by this 
invention. 

[Drawing 3] It is the plan of the 3rd example of the electrochemistry measuring device by this 
invention. 

[ Drawin g 4] It is the plan of the 4th example of the electrochemistry measuring device by this 
invention. 

[ Drawin g 5] It is the plan of the 5th example of the electrochemistry measuring device by this 
invention. 

[Drawing 6] It is the plan of the 6th example of the electrochemistry measuring device by this 
invention. 

[Drawing 7] It is a ** type block diagram for explaining the conventional electrochemistry 
measuring device and the 1st equipment. 

[Drawin g 8] It is a ** type block diagram for explaining the conventional electrochemistry 
measuring device and the 2nd equipment. 

[ Drawin g 9] It is a ** type block diagram for explaining the conventional electrochemistry 
measuring device and the 3rd equipment. 

[Drawing 1 0] It is a ** type block diagram for explaining the conventional electrochemistry 
measuring device and the 4th equipment. 

[Drawing 1 1] It is a ** type block diagram for explaining the conventional electrochemistry 
measuring device and the 5th equipment. 
[Description of Notations] 

11 Substrate 

12 Hole 

13 Working Electrode 

14 Counter Electrode 
21 Reference Electrode 
31 Insulator Layer 

81 Diaphragm 

91 Dropping Mercury Electrode 
101 Rotation Disk Electrode 

1 1 1 Semiconductor Electrode 

112 Irradiation Aperture 
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[ Drawing 6] 
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[Drawing 9] 
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